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Abstract 
 
The aim of the study was to control of potato mosaic virus by using hot-air, hot-water and freezing as a 
physical pre-thermal treatments. Infected tubers of Lady Rosetta and Mondial potato (Solanum 
tuberosum L.) cultivars were treated by hot-air and hot-water treatments at 55±                   
treatment at -18±                                  -air and freezing treatments showed complete 
elimination of mosaic virus from treated tubers. Hot-water treatment caused tuber damage at different 
exposure times. In this respect, hot-air treatment at 55±                                -18±             
hours gave the best results of eliminating the virus from tubers and did not affect on economic 
characters of potato cultivars.  
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Introduction 
Potato (Solanum tuberosum) is an annual, 
herbaceous plant belonging to the family 
Solanaceae.  Each 100 g of potato tuber 
contains 79.8 g water, 76 calories, 2.1 g 
protein, 0.1 g lipids, 17.1 g 
carbohydrates, 0.5 g fiber and 0.9 g ash 
as well as it contains a little quantity of 
nutrient elements and some vitamins. It 
contains 0.1 mg thiamin, 0.4 mg 
Riboflavin, 1.5 mg Niyasin and 20 mg 
Ascorbic acid (Hassan, 2003).  Potato is 
       l ’  l       v     ble crop. It is 
grown in about 140 countries (Haase, 
2008). In Egypt, potato crop has an 
important position among all vegetable 
crops, where about 20% of the total area 
devoted for vegetable production is 
cultivated with potato. (Abd-Elgawad 
and Youssef, 2008). Because Potato is an 
important crop for the Egyptian 
consumer its acreage was 381379 
feddans (feddans = 2400 m2) in 2013 
which yield a total of 4265342.74 tons 
(Agriculture Directorates of 
Governorates. Area, yield and 
Production of fall Vegetable Crops, 
2013. Publisher:  Economic Affairs 
Sector). Potato tubers can transfer many 
diseases and pests and these cause 
degeneration of the seed tuber and plants. 
Potato  production  is   being seriously  
hampered  due  to   certain viruses (Rolot 
& Seutin, 1999), like  potato   virus  Y   
(PVY)    which   is   the  most  dangerous  
virus.  
∗ Corresponding author: nabel_aly77@yahoo.com 
 
                                                                                                                                                                             44
 
 This virus was detected in commercial 
fields in single or mixed infection 
(Biswas et al., 2005; Nascimento et al., 
2003). Attempts to sanitize virus-
infected plants or portions of diseased 
plants to obtain new plants has not led to 
miraculous results, even if some recent 
technologies seem to offer new 
opportunities for facing difficulties that 
occur during sanitation procedures 
(Panattoni et al., 2013). Thermotherapy 
treatment consists of keeping plants, or 
more frequently a part of them, at 
temperatures between 35°C and 54°C, 
within the physiological tolerance limits 
of each plant, for an appropriate period. 
In practice, the selected temperature 
represents the best compromise between 
virus degradation and plant survival, 
taking into account that the threshold of 
thermal sensitivity of some viruses is 
lower than that of plant cells and that the 
damage caused to plant tissues by the 
thermal stress can more easily be 
reversed than viral damage (Spiegel et 
al., 1993). Kassanis, (1949) provided an 
interpretation of the results obtained by 
the treatment, basing it on identification 
of the infected cell as the environment 
where virus particles are in a dynamic 
equilibrium between newly formed 
particles and degraded ones. Therefore, 
thermal treatment produces a shift in 
this balance towards greater viral 
degradation, when repeated over time, 
can lead to elimination (Cooper & 
Walker, 1978; Kassanis, 1957). The 
principal alterations in viral particles as 
a result of thermal treatment above 
35°C.are related to the rupture of 
hydrogen and disulfide bonds of the 
capsid protein, followed by nucleic acid 
phosphodiester covalent bonds, and 
consequently, even deterioration of viral 
infectivity which can include selective 
inhibition of viral replicate, changes in 
pH and cellular ionic strength, increase 
of lytic enzymes, competition between 
viral RNA and messenger for ribosome 
bonds. In the field of thermotherapy, 
cryotherapy represents a whole new 
approach (Nukari et al., 2009; Wang & 
Valkonen, 2009; Wang et al., 2009). 
The freezing of shoot tips (i.e. in liquid 
nitrogen, and subsequent thawing and 
regeneration to shoots) was found to 
result in virus-free plants with high 
efficiency. Moreover cryotherapy takes 
only a few days: a minor addition to the 
whole procedure of virus elimination 
which requires several months. 
Meristem culture of shoot tips was also 
used to enhance thermotherapy virus 
elimination as the elimination ratio of 
viruses is higher when the size of 
isolated tissue (i.e. shoot tip) is smaller 
(Mori & Hosokawa, 1977). 
 
The aim of the present study is to 
control of potato mosaic virus by using 
hot-air, hot-water and freezing as a 
physical pre-thermal treatments to free 
plants and tubers of the virus and to 
study the effect of such thermal 
treatments on the quality of potato 
plants. 
 
Materials and methods 
Virus detection and identification: Field 
surveying were done every ten days 
depending on visual observation of virus 
symptoms. Symptoms on plants were 
used to characterize potato mosaic 
disease. Also, many factors such as host 
plant cultivar/variety, time of infection, 
vector transmission and the environment 
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 were used to simple identification of 
virus (Matthews, 1980). Two cultivars of 
potato dormant tubers which yielded 
from virus infected plants were used to 
study the effect of pre thermal treatments 
on diseased potato tuber to minimize the 
viral diseases. The two cultivars were 
namely, Lady Rosetta cv., as a 
susceptible, and Mondial cv., as a 
tolerant to viral diseases.  
 
Thermotherapy treatments of tubers: The 
experiment was  conducted in  the 
Vegetable research Laboratory, 
Department of Horticulture and in a clay 
soil of the Experimental Farm, Faculty of 
Agriculture, Al-Azhar University, Assiut 
Branch, Assiut, Egypt. Three thermal 
treatments and four exposure times of 
each one (1, 2, 3 and 4 hr.) were applied 
to all cultivars as follows: 
A- Hot-air treatment of tubers (HA): 
Four bags, that have 20 tubers 
each, were placed in a growth 
chamber (1m X 1m X 1m).  The 
air temperature in the chamber 
was maintained at 55 ± 2  C with 
an Xpelair 3 kw fan heater, and 
relative humidity was kept at or 
above 75%.  
B- Hot-water treatment of tubers 
(HW): The dormant tubers were 
treated for various times at 55±    
C in a circulating water bath. The 
tubers were placed in a wire-
screen cage that was submerged in 
the hot water, then; tubers were 
dried at room temperature for 24 
hours.  
C- Freezing treatment of tubers (Fr): 
The dormant tubers were kept in 
paper bags in freezer at a 
temperature of  18 ±             
freezing treatment tubers of each 
cv., remained at room temperature 
in the paper bags until planted. 
D- Control treatment (Cont): 
Untreated tubers remained at 
room temperature in paper bags 
until planted.      
 
All the thermal treatments and control 
tubers were placed in a closed container 
and were treated for 36-48 hr with a 
Rindite solution (a mixture of ethylene 
chlorohydrin, ethylene dichloride and 
carbon tetrachloride (7:3: 1, v/ v) at the 
rate of 0.5 ml/ kg of tubers to induce 
sprouting. Tubers were stored at room 
temperature until sprouting tubers were 
placed in sterilized sandy soil in 15-cm-
diameter plastic pots and kept under 
greenhouse conditions to induce rooting. 
After rooting, tubers were planted in 
sterilized soil in 15 cm diameter plastic 
pots. Plants were sprayed periodically 
with pesticides to control insects and 
mites. The experiment was laid out in the 
Randomized Complete Block Design 
(RCBD) with three replications, each one 
consist of 45 mini tubers. Normal 
cultural practices were applied as 
recommended on potato commercial 
production. 
 
Virus incidence reduced: The effect of pre 
thermal treatment on Lady Rosetta and 
Mondial mini tubers cultivars were 
estimated. The presence of the virus 
percentages on sprouts and plants after 
45 days of cultivation was estimated by 
using the following formula according to 
Mohamed, (2010): 
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 To be sure that the plants are free from 
viruses, growing plants were tested 
biologically using specific indicator 
plants for virus. Some leaves from each 
plant were grinding in 0.01 M pH 7.0 
phosphate buffer and inoculating the 
following hosts: Datura metale and 
Solanum tuberosum (Robert Kahn and 
Monroe 1970).   
     
 
Measurements of growth parameters: 
Some vegetative characters were 
calculated such as; tuber sprouting 
percentage after treatment in vitro, the 
field stands after cultivation, the number 
of stems per plant, stem height (cm) and 
the numbers of tubers/plant after 45 days 
of cultivation.  
 
Statistical Analysis: All obtained data 
were statistically analyzed separately for 
each cultivar according to Gomez and 
Gomez (1984). The Least Significant 
Differences test (LSD) at the 5 % 
probability level was used to find out the 
significance among the mean values. 
 
 
Results 
 
The surviving tubers after thermal and 
freezing treatments were tested for the 
presence of the virus on sprouts and 
plants after 45 days of cultivation. It was 
observed that all the tubers which were 
exposed to either hot air at 55 ± 2       
            -                            
                               v     
             l               b         
                   v                     
        b                               
                        ll              
were totally damaged (Table, 1).   
 
Table 1: The effect of pre-thermal and freezing treatments on the percentage of virus free tubers (after sprouting and 45 
days from cultivation).  
 
Exposure time (hour) 
Percentage of Virus Elimination After Sprouting   
Lady Rosetta Mondial 
HA HW Fr Cont. HA HW Fr Cont. 
1  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
2  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
3  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
4 0.0 ---- 0.0 100 0.0 ---- 0.0 100 
Percentage of Virus Elimination After 45 Days of Cultivation 
1  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
2  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
3  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
4  0.0 ---- 0.0 100 0.0 ---- 0.0 100 
HA= hot-air treatment, HW= hot-water treatment and Fr= freezing treatment. 
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 The effect of pre-thermal and freezing 
treatments on the percentage of potato 
tubers sprouting and the field stands after 
cultivation is shown in Table, 2. 
Different pre-thermal treatments and 
exposure times was significantly effected 
on trails. The negative effect of the hot 
air and freezing treatments on sprouting 
percentage increased as the time 
increased. Further, Mondial cv. 
exhibited positive effect on sprouting 
percentage with the time increasing of 
the freezing treatment. All thermal 
treatments had no affected on the field 
stand after cultivation. 
 
Table 2: Effect of heat and freezing treatments on sprouting percentage of two potato cultivars tubers and the field stand 
after cultivation.  
 
Exposure time 
(hour) 
Percentage of Tuber Sprouting After Treatment   
Lady Rosetta Mondial 
HA HW Fr Cont. Mean HA HW Fr Cont. Mean 
1 86.00 ---- 81.33 98 66.33 94.67 ---- 60.33 100 63.75 
2 88.67 ---- 72.00 100 65.17 98.00 ---- 77.67 98 68.42 
3 63.33 ---- 65.33 99 56.92 88.33 ---- 87.33 97 68.17 
4 68.00 ---- 66.67 98 58.17 87.33 ---- 98.00 99 71.08 
Mean 76.50 ---- 71.33 98.75 --- 92.08 ---- 80.83 98.5 --- 
L
S
D
 
=
0
.0
5
 A   1.67     1.68   
B   1.67     1.68   
AxB   3.34     3.36   
Percentage of the Field Stand After Cultivation 
1 100 ---- 100 100 --- 100 ---- 100 100 75 
2 100 ---- 100 100 --- 100 ---- 100 100 75 
3 100 ---- 100 100 --- 100 ---- 100 100 75 
4 100 ---- 100 100 --- 100 ---- 100 100 75 
Mean 100 ---- 100 100 --- 100 ---- 100 100 --- 
L
S
D
 
=
0
.0
5
 A  1.67     1.49   
B  NS     NS   
AxB  NS     NS   
HA= hot-air treatment, HW= hot-water treatment, Fr= freezing treatment, A= heat and freezing treatments and B = 
exposure time. 
 
The number of stems per plant, stem 
height and the number of tubers per plant 
is presented in Tables, 3 and 4. Different 
exposure time applications of the pre-
thermal treatments had no significant 
effect on the stems number/plant and the 
stem height as compared to the control 
treatment. While, the different pre-
thermal treatments was significantly 
effected on trails. 
 On the other hand, thermal treatments 
and exposure times of application had a 
significant effect on the number of 
tubers per plant. Applications of hot-air 
at 55 ± 2  C or freezing at 18± 2  C for 
two hours gave the best effect on the 
number of tubers per plant in the two 
cultivars under his study as compared 
with the untreated tubers. 
Younes et al., 2014
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 Table 3: Effect of heat and freezing treatments on the number of stems/ plant and the stem height. 
 
Exposure time 
(hour) 
Numbers of Stems / Plant   
Lady Rosetta Mondial 
HA HW Fr Cont. Mean HA HW Fr Cont. Mean 
1 4.00 ---- 81.33 4.63 3.52 3.78 ---- 3.33 4.22 2.83 
2 3.78 ---- 72.00 5.39 3.52 2.67 ---- 4.00 4.50 3.04 
3 2.85 ---- 65.33 4.42 2.85 3.33 ---- 3.22 3.88 2.61 
4 2.73 ---- 66.67 4.11 2.73 3.67 ---- 2.67 3.61 2.49 
Mean 3.42 ---- 71.33 4.64 --- 3.61 ---- 3.31 4.06 --- 
L
S
D
 
=
0
.0
5
 A   0.64     0.53   
B   0.64     NS   
AxB   NS     NS   
Stem length (cm) 
1 14.67 ---- 16.33 18.33 12.33 12.33 ---- 17.33 20.00 12.42 
2 13.33 ---- 16.33 16.67 11.58 12.33 ---- 18.33 17.33 12.00 
3 16.00 ---- 18.00 18.33 12.33 13.00 ---- 19.00 17.00 12.25 
4 16.00 ---- 18.00 17.67 12.92 19.67 ---- 17.33 16.00 13.25 
Mean 14.25 ---- 17.17 17.75 --- 14.33 ---- 18.00 17.58 --- 
L
S
D
 
=
0
.0
5
 A  1.40     2.38   
B  NS     NS   
AxB  NS     NS   
HA= hot-air treatment, HW= hot-water treatment, Fr= freezing treatment, A= heat and freezing treatments and B = 
exposure time. 
 
 
 
Table 4: Effect of heat and freezing treatments on the number of tubers/ plant of two potato cultivars. 
 
Exposure time 
(hour) 
Numbers of Tubers / Plant    
Lady Rosetta Mondial 
HA HW Fr Cont. Mean HA HW Fr Cont. Mean 
1 5.36 ---- 5.26 6.11 4.18 6.48 ---- 7.85 10.11 6.10 
2 6.29 ---- 5.18 5.33 4.20 9.55 ---- 6.29 9.67 6.38 
3 3.33 ---- 3.18 5.33 2.96 4.37 ---- 3.12 9.17 4.16 
4 2.49 ---- 0.89 5.89 2.32 4.56 ---- 2.66 9.77 4.25 
Mean 4.37 ---- 3.63 5.67 --- 6.23 ---- 4.98 9.68 --- 
L
S
D
 =
0
.0
5
 
A   0.33     0.34   
B   0.33     0.34   
AxB   0.65     0.68   
HA= hot-air treatment, HW= hot-water treatment, Fr= freezing treatment, A= heat and freezing treatments and B = 
exposure time. 
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 Discussion 
 
This study has demonstrated clearly the 
effectiveness of using the pre-hot-air 
(55±                -freezing (-18 ±       
treatments on the total elimination of 
viruses from small batches of tubers of 
Lady Rosetta and Mondial potato 
cultivars.  Since its introduction in 1949 
(Kassanis, 1949), heat therapy has been 
extensively used to rid tubers of PLRV 
(Nagaich & Upreti, 1964). However, 
heat treatment has not been successful in 
freeing potato tubers from other viruses, 
including potato acuba mosaic virus, 
potato virus A (Rozendaal, 1952), potato 
virus S, potato virus X and tobacco rattle 
virus (Rozendaal & Brust, 1955) and the 
viroid-induced potato spindle tuber 
disease (Fernow et al., 1962). In a 
bulletin published in 1977 by the 
International Potato Center, Lima, Peru, 
on the major diseases and nematodes of 
potato, PLRV was the only virus listed as 
being eliminated from potato tubers by 
heat treatment (International Potato 
Center, 1977). Heat therapy and 
meristem-tip culture have been used 
extensively, singly and in combination, 
to free potatoes of several viruses, 
(Quak, 1972; Hollings, 1965). Using the 
traditional heat-thereby in a combination 
with meristem tip culture can be very 
efficiently eliminated SPFMV from 
sweet potato infected plants (Mervat 
ElFar & Ashoub, 2009). Eliminated PVY 
from in vitro potato plants by using 
             b                    
(Luciana et al.,  2003). 
 
Thermotherapy procedures may be of 
interest and can be used by research 
institutions and plant quarantine stations 
where there are fears of introducing 
virus-induced diseases in imported 
potato germplasm source material, and to 
those that distribute potato germplasm 
for research and commercial purposes 
(Kaiser, 1980). Our results and those of 
others (Roland, 1952; Kassanis, 1950) 
disagree with those of (Upreti & 
Nagaich, 1968; Nagaich & Upreti, 
1964). Several factors could have 
contributed to these discrepancies; e.g., 
different virus. 
It recommended trying these pre-thermal 
treatments at the scale of commercial 
production. Further effort could be 
needed to reach a satisfactory level 
under such large scale. 
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